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(54) METHOD OF FORMING INSULATING FILM AND MANUFACTURE OF P-TYPE SEMICONDUCTOR 
ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a plasma nitridation method by 
forming an oxide film on the surface of a semiconductor layer, injecting 
microwaves onto an atmospheric gas which consists substantially of 
nitrogen gas to produce excited nitrogen molecules, nitrogen molecule 
ions, nitrogen atoms, or nitrogen atomic ions, and nitriding the surface of 
the oxide film with these excited members. 

SOLUTION: A silicon semiconductor substrate 20 is fed into a double- 
pipe oxidizing furnace (processing chamber). By mixing hydrogen gas with 
oxygen gas at a high temperature, an element isolation region 21 of a 
LOCOS structure is formed, and a silicon oxide film is formed on the 
surface. Next, the resulting substrate 20 is fed to a plasma treatment 
system. After introducing nitrogen gas into the plasma processing, an 
atmospheric gas composed of 90% or more of nitrogen gas is irradiated 
with microwaves. Then, excited nitrogen molecules, nitrogen molecule 
ions, nitrogen atoms or nitrogen atomic ions collide against the surface of 
the oxide film in a plasma generating region, which nitrides the surface of 
the oxide film, and thus an insulating film 22 (silicon oxide nitride film 
which becomes a gate insulating film) is formed. As a result, an insulating 
film having superior properties can be obtained. 
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[0012] ^BWlc43Jt«W ^ o&wJl»«, 1 
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0 2 (X S £g ) + e -* 0 2 (B*Zu") + e 5£ (2-3) 

0 2 (b'Su") + e -> O ( 3 P) +0 (D) + e ^ (2-4) 
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So ffi, ^«EK3ir±, rif*i©g<tjp3 0©rt 

[0 04 6] [IS- 1 0 0] 5fc-f, y K-7°Lfc 
K@8-r>^ONM>'y 3>"!7^ (CZSHCTffclg) 

-efe5->!)3y^iftSS2 0^ ^ffl*fet?LOc 
OS«ft«r*1-6*?^|tfPHJ2i«r»rtU &v^£ 
ft^hj'^tyftA, hash 

lE-f^ifeAfcfr^. *^«IWShv-^#3t 
©a*^j5t?*oTUV\ RCA^#1CJ; 

§r^*L v ^v-e, o. \%y yitiKmmMmmRxim, 

*ic j; 5 ^ y =i 2 o o*®i5fc#£ffv \ ^> 

ya^iNI|#a6tR2 0©*Sf**fflS** (0 2 CD 

(a) mm) . i^, ^y3y¥S!#sfi2oo*ffifc)c' 

[0 0 4 7] DjB-1 1 0] BBW5 2/jWK£5 0, 

ft* 3 3 o ^mm#* *«a l, mtfc 3 0 ^ *-&mjJx 

WMM.k L> lo, ^W3 6*^LTt-^ 3 4iCj; 
o TKfldP 3 0 700' c ii^fc^N- 

< o a«^WA35 4 0 tt**WH»4*tfc:R*Tfc*. 
[0 0 4 8] DCS- 1 2 0] ^LT, *4KlRAtHSP4 
0^O->!)3 ^^fr*^ 2 0 <DmXifi%J 111 
^L/iV^^W*, fflE«AWSB4 0fc^^tAW4 1 

1 0 0 p p m«T£ fcofcfc fe (is K»A 

tua54 ofttf+Mcmmjfxnm^.kteitzkmm-r 
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<k> 5^~H4 4©a»|JtJ;oTifcfk^3 OilSi 
A£tiSl$4 0 i«HttliiiL*< 
[004 9] [IS- 130] ^CO^ mMJJ*9-m% 
(OmtP 3 0 ©#Ki6St#iL, 8 0 0 ~ 9 0 0 ' 
Cki-% 0 -t Lt, K1f5 2, 5 3^LT1115 0 

* 5 o ftvinmcxm&u ztic 

■to-C^LtUSW)?*, 1, ^flU»3 IX 10 

$?c»3 3'a»e>4ww-$ 0 wtucioT, ^#jp(7)*ffi 
*2 0<o*iific3/y3>flMiaias3Ri«Sii5 o m, « 

7 0 0~9 0 0° 

[00 5 0] [IS- 140] jJfMWff «*.tfitS 
2 nmClftliaiLfci, «£^5 0rt^©K*^f 

®Wfi^7oo' ■ cfli«*-efeiau ifcv^-c% ^ 

W<-*«#4 3 *«f^S*T^|#- h 4 4 *T*5 

2 0 &BSfctH-5. 

[0051] [is- 150] mz, v- y 3 
*asi3 1 6 c «»&«ya^ i o \z.mmjj* *mAir% 0 m 

^hPV15 fCT^Lfc 1 GH z 75^ 1 0 0 GH z 30 
©W?0| (M&tf, 2. 45GHz©W^nI) 

^-f^osist i AZirvx&mmi oo^yxv 

£/&ffi«cl OAfC^A-TSo rftfCfcoT, HP*,, 

i o o%^e>j*5»iBja;^{c^^p»*flM4i- 
5iiCJ:oT±3t©a; (l-D ~ (1-4) tf>S/& 

v' y a ^flWfcaflSKT?* 9 , h«i(RR{CffiSi-5) 

la 2 cd (b) icmzm^-to w, Hic*jv^Tr±BMt« 

y a ^^Sg 2 o rtJcteft-f 3 r £ fclwUH-sfc* 

X°h%) 0 50 
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[0 0 5 2] [*1] 
W ^n^*^) : 1 kW 
•^-f ^nSJl&iS: ; 2. 45GHz 
gi&tfXfcfES : 0. 4 S LM 
ffi^ : 0 . 1 6 P a 

: M (2 5° C) 

[0 0 5 3] [IS- 1 6 0] #*3gAg|5 1 6 

C^fcd^a^l O^S^^wajtA^tpihU i&M 
fOSCT, #*i*ASl$l 7^ffi&lf^tjMBl 0 
ft^MA & , M?g 1 2(Cj;oTv-y => 
M«2 048 5 0 1 C^T'#?a-f5 0 *UT, ->!)3 
^i&tfM&K 2 0 8 5 0 0 C \CM U ^©fi* 

*5Sfftufc*e>ji, a*^«*4SLMTf5 4>re, m 
[oo54] [is- 170] yyx^Hkmm 

A-TSo ^tt^^Az-e^/iV^^y ay| (H 

jfeMi{c*3v^T«/ify ->y =j>-/i) ^cvDStt^i 
(cMif-TSo .ftv^-e, ^©y y?97 4&ffiRxt>(* 

V&A&ffifcg-^t x p ft^^lMO S F E TcDfcft 
htS^P^, nft^HMOSFET© 

fc*©y-h««-.y ^wgALfcgt, ->y 

Il2 2_h{^, pft^HMOSFETCfcftfflpg^ 

y 3 ^Ji (*#:W(c«jKy^y 

6>^5y-h«ffi2 3^^i-5ri^-e#5 (02© 
(C) #Rg) „ 0f*-c, H6»||!¥±fc, n^-V^/P 
MMOSFET(Dfcfe©n^|ifi^^tf~>y a^S 

[0 0 5 5] [IS- 180] ^*n<0S»Srffl 

tr^vy^^^UT, y— HS2 3©lICf^f 

V-ttASWicK<3§ , p ft^^lMO S F E 

/HMO S F E T v- y a 

W-yylr, -eftfiilALfcl, ^^->-ftA$^fc^ 

•B*«)fittfkllMlHli«rff5. ^Bt^SMite^Ji 

2 6*cvDffictMu y-Vf f wyi«2 5 

rt*-&tf»W*6IMi 2 6 ©i^EIMt^JiSr^^s'^ife 

tB«2 7ftMU 0 2(0 (D) KlfeSWft— fltws 
m%^i-p^^£#*?- (J;fifrW(ctt, fa7;vf 
- h^ii&W-f-SCMOSFETiC&ttSp^*^ 



(10) 



17 



MOSFET) *#5rim5o 

[0056] mmm 2 ) mmm 2 \tmmm 1 <omMx 
& 5 0 mmm 1 fc&v y 3 >-^-mwmm 2 0 & 8 
0 0 0 c (^Dsa Lfc^n^v^ p *? x mtwcx 

= y^Hfbfl}fc*^#, 2Sfflf©iMb*fT5. fiP*>, SI 

d»b«^Lfc. ft, ^»j2{c*5V^TtHl(c^Lfc7 p 
So EAT, 2 ©iiKDM^feXO! P 

tS CMO S F ETlt*^§ p f t^/VlMO S F E 

T) tRUtS. 20 

[00 5 7] [XS- 20 0] 5te-f , 1 <D [Ig 

-10 0] <blHl«cDXS*|^T-t-5o 

[00 5 8] [IS- 210] jfctC, 

#Al, HfldPa 0F*j^rS^x^cDTffi1±^#H^i 
it (Mffi»H^-efcoTt<t^) , 1.0, *&*MF3 6 

*^-L--Ct-^34fcJ;o TUftaF 3 0 (*KD#HM?SS 

^3 5 0° ccfiUfts. (Sj, r©^j»ic*3v^r±, > 30 

[00 5 9] [IS- 2 2 0] -tUC, *»A£tig|34 
^Lft^JWSrlflfe, »S*AaW4 0fc:;tf*i&A«&4 l 

AHJ»4 0rt<&|telMf;*j*£&*=*-U 

£2*0] l 0 0 p p m«T i ftofcft b ff , *fett£A 

WW 4 o rt ^+^(cam^f^#ffl^ <b ft o it t ¥ U»H- 

5o ^5^-3 5£ISil\ 3cv^-^«M»4 40 

3 $:#i$*t5$JK- h 4 4 &±#§* (±#3££ : 

2 5 0 mm/#) , 2 0 Sr^S^ 

-«1f#BfioiWldP3 0rtK:»Ai-«. ^w<-^Mt 

4 3 a^±#&gfc an 9 * < t . h 4 4 ©Kgfl 
tio TKflijP 3 0 i £K*RAlilttS 4 0 i ©W«jga L 
4<*5„ MMk*F3 0rtro#fflfta*ttt-^3 4KJ: 
oT 3 5 0° C{C{£*#£;ft-a^<£>-T:\ flp*>» fVais 

3 2 o ©«sfc^^sis4i-.5 r t 50 
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[0 0 6 0] [Ig-2 3 0] &V>T% i/Day^ft 
SK2 0 ©*B*^iSLfc*5!fiS^^JJIiFllUftV^H^ 

2 o ) *fnw bi-s r t ± o -cimuk*^^ 

5o fPlftSCM^S: 3 5 0" CHG^U 

*2 0) ©*Bfic^y 3^Mftit«r»/w-*. mmm 2 

fc&^TIi, 13^5 2, 5 3^Utlii5 OftiCiB 

*?R5t*l3lP5 1, #*«K&3 lAt5^^tA»3 2* 
41* LtW 3 0 ft (Cj§A U ' V Pj?x = y^ IMtife 
fcioTJ'y 3^2gft»K2 0©*ffi{;:J?£ 1. On 

[0 0 6 1] [*2] 

: 5SLM 
SSs&tf^&Ssfi : 10SLM 
mmum : 7 5 0" C 

[0 0 6 2] [I@- 2 4 0] ^-fk^3 0rt— 

.«\ EtfS 2, iii5 0, SBW5 1, ^Xfflg3 IS 
b^ tfteMig«Sft^3 0«©#IM?Iftlr, *& 

if 3 6^Ltt-^3 4iaotl0' C/#CD# 
IBjt*!? 8 0 0° C * Tf#ai-5 0 [I@— 2 30] 

mzi&l££ihX^Z<DX\ Z<D [It-2 4 0] {C*3V^ 

[0 0 6 3] [I®- 2 5 0] ¥3MWg©*ffia»&*# 
(^»J 2 (C*3l ^-rtt 8 0 0° C) Kmkfc 3 0 rt©# 

tt, ffV, IEW5 2, 5 3^Ltlii5 0W« 

^Att**^«rftil&u, M^5 ort-e^sufc* 

^SrlBW 5 1, ^«5K 3 1 RTfUxmxm 3 2%fr 
iot^ftf (i/y 3 yff#:SS2 0) <o*iBfc» 

<DW&&fcT Ltctz <Dnmtm& (mmm 2 *c*3v ^-r 

f£8 0 0° C) f± % ^frS©*BfC^bJK(D^%5| 

*&i-«Ke5#ffljaa* (H»j2{r*5v^»3 5 o° 
c) ifjfcflsv^ 

[0 0 6 4] «X(CJ; <9 , iNJ[fltJi©*iif{C*3Jt«iMb 

x*8<DWmtfx&miS.k U ^i^^-^m«4 3 ?rtt) 
f^**T^#— h 4 4 *T*$*» *V^"C, 0*bft 
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[0 0 6 5] [IS- 2 6 0] gp-ib, f©t, im%<V 

o mcmx boo, ^k«3 3 o <DwmMum% t 3 

4iCj;o-C8 5 0 0 C^T«"f6 0 i&ft** 
£0. lW*%-a*1-^S*if^*^2*A§|53 2^P> 
M^3 0ftSCagAU 3 0M M^a*tf5o « 10 
±(c «fc <o , 2NltftJf©3fiiiK:iMbRSr^fiW-SiS^^ 
T-f-5 0 &ft:IF3 0ft£g3lf#*#H5C£U at 

•fr, S«Ai±i§B4o^f)^y =y#|frii 
[oo66] [is- 270] mmm i © [is 

- l 5 0] ~ [IS- 18 0] ZmtrtZZ ifcio 
»*aaa*^l6M i © [1S-130] fc§i£*e#, Hfr 

LTfcJ;V\ 20 

[0067] mmm 3 ) jmj 3 tc&v vcn, ✓ v o 

x^mkm&x$zf7^mm*'mrtz> 0 mm 
cwftHjttt, nvf- hmm&G-tz CMO s F 

E TfC&ttS p ft^/UMO S F ET) ^PJ-fSo 
[00 6 8] [IS- 3 0 0] Jfe-f, 1 © [IS 

- 1 0 0] il^#WlS«r#fT-t-5o 30 
[0 0 6 9] [It-3 10] WC, i/yny^fftS 

IS 2 0£, HI 1 tC^Lfc^^V&ffiigafcEl^L&V^ 

1 7*^^ffitt^ (Mittfa*xr^) sr&s^iort 

(C^EA-TSo IT, M^lZtCioti/yny^ 

iM«2o^8 0 0* cfcGrtKrt-*. 

[00 70] [IS-3 20] ^C9&, tWi^iU 
TW^ffitt^ (M&tfS^ftf*) ©Mfffl^ 1 0 ft— CD 

^Afc^ttr U #*a*ASI$ l 6 Aftuyf^Agp l 6 B 

hcyi 5(CT^Lfc 1 GHz 7531 1 0 0GH 
zCO^Y^p^ (#|;tWc\ 2. 45GHzfflv^^p 

so pjsBssrtf 1 4§r^u-cMasi o©y 

7X-7M«10AtfAt5. ilfUCfcoT, BP 

i^oT, ligcOsC (2-1) ~ (2-4) CDKJ&, ft 
0«5£ (3) , 5t (4) *i^»f 

x-^mmm 1 o b taia* u ans^a 1 2 k ± o r jp 50 
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0) comm&Mfc£K& 0 w 5 LT, ^t#:g©*Bt 
#3 2 nmOBMUK (H««2fcteV^H:^y ay|ft 

ft) t»*f5ri#-e#5„ Wtfcm<r)J$&$kW%, SI 

[0 0 7 1] [j?3] 
# p ®Mti 

[0 0 7 2] [IS 



lOkW 
2. 4 5GHz 
10SLM 
0. 2 S LM 
8 0 0° C 
3 3 0] ?^hPVl 
5— <n>-?<itr Pj&fl#;<D§feji&, %iSl 0— ©yjcifctf;* 
fttf&3f§#*<DaSA£*Ji:U #*s*A8l$ 1 7a»&*j& 
SrMffl^ 1 0 [*l^|ALW £> , y^ft 
SS2 0Sr^ja*t?}ftaH-5 o &v.-e, ^*A«Pi 7 
^©^Stfctf^MSSl Oft— co>SA : £r t Pib-t-.5 < , 

&#?it&U hnvi 5{CT^U7t 1GHz75H 

10 0GHz©W^oS (MM, 2. 45GHz© 
■sm^pSQ fc-^^pSgfiSMfi 4t^LtWSl 

■c, spt>, mm^^cmmm^mmi-^ztic^x± 
mcon (i-i) ~ d-4) <DKfcicx±i&Ltcm& 
imnmmsH; 9m&M*>* mmm^mL<im 
MWL^ 'ty^jaag 1 o coT^{-'fie-^'57 c 7X-v'^ 

[00 7 3] [IS- 34 0] ^rco^, HJi^J 1 CO [I 

S-l 6 0] ~ [IS-1 8 0] %mm-z>zt\££o 

Vfc2Wm<Dmik%ftoXh&\\ ^JS#ij2}CT 
[0 0 7 4] LV^II»J{'KO'^tft 

[0 0 7 5] 3fe»M2© [IS- 2 4 0] fC*5 

V^T, ^-fb^3 0 ft— coS^^co^A^^ih-T-Sr i 
*<, i'!J3y^ftSfg20^8D0 1 C4tf#aL 
Tt><tV\ *fc, HJSM2© [IS- 2 6 0] IZjZ^ 
X, WS&ffX (m*.l33*m#x) «r»ftjP3 0rtfc* 

o-C8 5 0 o C*-C#fflLfc#, -tcO^tJiC, #IJ^Ltf 

ittft**^to. i^*%^*i-6^»l4^^ 

f^*^f^) *7^^J»Ag|5 3 2 i&»e>»fl5jF 3 0 ft(C^A 
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loo , is y 3 v^frffig 2 o ©as *jp*#®fc «t 
[00 7 6] mmmizm^xtt. ft^^ 

■TSr i^-etSo fc-S^KX, SO HflSt^fcttSv' 
y 3^Ji©*ffifcil6l»R4r?gjsKLTtJ:v^U 

«fcv\, Sic It, ^ft*^^{**^©fft£g#!;5Sl* 
[ 0 0 7 7 I fcSVMiX, H*#Jfr jft^-c 0 . 1 %7 $/ 

ft, flRtf, ^f*JIWiRB^Se©#fflM£^£1± 

Ht*i-«t5fc, *iSJ**^«, ttfld»*j&3g|te, ft 
~/HBWfcJBv\ XiB%#£Ba» &*fU£gjft£ 

[00 7 8] fcswtx, 0. 1 %yy^mmykmm 

Wttfl. 3 X 1 0"' P a (10" S Torr) Sft©J^# 
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Stf0#II*Mx.ifl. 3X10"' Pa ( 1 0" 3 To 
rr) mt<DM£%m%hLT$3%, ^frS©»A^T 

mis*) #Hfc£-t*tff.fcv\, 

[0 0 7 9] [S4] 

300SCCM 
8 0 SCCM 
1 0 0 0 SCCM 
0. 3 P a 
6 0" C 

[0 0 8 0] [*5] 

: 8 0 0° C 

[0081] r*t6>©*Sct«ffli-«ctfcJ:o-c, tt 

[0 0 8 2] jfcfcjftin bfc «t 5 fc, /7X^ifti%« 
M110ft«AL, r i J; o Tit 

Xlfi, H*#J3© 3 3 0] (C*3V^T, JJ^MA 

§15 1 7 ^6>MS^ 1 0 PUzWZ-tfM*. I OS LMO« 

^*ASP1 6A^feMltl OrtiC^fiO. 

gPl 6B^b»lIl 0F^If^Jx.«^*l 0 S LMtO^ 
^^©^ASrlS^b, #$Rffl©?F|g14ifX(O^SSi 
0rt-v <^2$A*4 l ±-|-tv«J;v\ ^fev^T, ?^fpy 
lS^^ojSKiiMU v/*hpyi5ICT 

^fiicLfc^iJ^tf2. 45GHz©vY^pM^^p 
1 4 LT^ffl^ 1 0 ©7"? XT&jfcfHJfc 1 
OAt^A-f-^o i©±5**McJ:oT, *$8Si£j& 
BijcO^aS 1 0 ti3»t5**^#ftH:+^{ctevHa 

[0 0 8 3] 
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J^Srjiiibr^^ss-C'SWi-SM*, pmos^ 

[1212] mmmi<Dmwmmm^m^m.m-r^,t^(D 10 
(ill 



[01] 
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[04] ^y**-y~^«^mstiaT"fc5 0 

[^<0l^] 

10- • '^mM, I OA - • '^y^^^mMc,. 1 
0B • • '/7XvftIW, 1 1 • • •^x-v', 1 
2 • • • ^PM^, 1 3 • • • 14- • 

vWMWM. 15 • • • Fny, 1 6 A, 16 

B, 16C, 1 7 • • • #*^Ag|5, 18 • • • 

1 9 • • • fc— 2 0 • • • v-y 3^^^ 
«, 2 1 • • • *^#lf«M, 2 2 • • • flggdg (y- 

vmmm) , 2 3 • • • 24- • • u--r k 

r>^-— )V, 25 • • • y-VKW^I, 26 • • 

• mwmm, 2 7 • • • &m 



[02] 



[02] 
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(14) 
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7 uls y«<~ i/<DWi£ 

5F040 DA19 DB03 DC01 EC07 EDOO 
ED01 ED05 ED06 EF02 EK01 
FB02 FCOO 

5F048 AA07 AB01 AC03 BAM BB06 
BB07 BB09 BB11 BB12 BC06 
BG12 DAOO DA25 

5F058 BA01 BA20 BB04 BD01 BD03 
BD04 BD06 BD15 BE03 BF51 
BF52 BF55 BF61 BF62 BF63 
BF65 BF68 BF72 BF73 BF74 
BH01 BH02 BH04 BJ01 



